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16 ATTACHMENT 9 - ECONOMIC ANALYSIS – FLOOD 
DAMAGE REDUCTION COSTS AND BENEFITS 

16.1 Plum Basin Project 

This project is expected to generate minor flood damage reduction benefits for 

agricultural lands.  The project is located immediately adjacent to the tail end of Deep 

Creek in Tulare County, but there are currently no facilities in the plan to take water 

from Deep Creek.    The facility is designed to take water from the Tulare ID Main Canal 

and this system is regulated and is not required to take flood water above the capacity 

of the channel.  So to generate flood damage reduction benefits the facility would have 

to take delivery of Kaweah River supplies through the District’s delivery system that 

would otherwise have flooded agricultural lands in the bottom of the Tulare Lakebed.   

In the Tulare Lakebed, landowners have developed a very compartmentalize flood 

damage reduction system that utilizes cells bound by tall earthen levees that can be 

sequentially filled so as to allow for a minimum amount of agricultural land to be flooded.  

These cells can then be drained for beneficial use of the water at a later date when 

there is irrigated demand.  However, if less floodwater were delivered to the Tulare 

Lakebed then an additional cell of agricultural land might not have to be flooded. 

For the purposes of this grant it was assumed that floodwater would be available to the 

project from the Kaweah River every three years.  However, it was further assumed that 

the instance when the situation of avoiding an additional flooded cell would occur every 

third flood year, or every nine calendar years.  The project’s expected life is 

approximately 50 years so it was assumed that five occurrences of flood damage 

avoidance would occur each avoiding approximately $1,000,000 in flood damage per 

occurrence. 

This project is expected to generate minor flood damage reduction benefits for City of 

Tulare.  The project is located immediately adjacent to the tail end of Deep Creek in 

Tulare County.  The City of Tulare’s storm water is delivered to local creek systems.  

The Plum Basin Project would function to take water upstream of the city and free 

capacity of the downstream ditches.  This will alleviate the City of Tulare’s system from 

being impounded by the high water level of the creeks they discharge too.  While it is 

known that the project will aid in flood control, it is not possible to quantify the benefit. 

16.2 Water Reuse Pipeline Project 

This project is not expected to generate any flood damage reduction benefits. 
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16.3 Paregien Basin Project 

16.3.1 Background 

This project is expected to generate significant flood damage reduction benefits for the 

City of Farmersville.  Farmersville is a rural city in Tulare that covers approximately 1.88 

square miles of area and in 2009 had a population of approximately 10,000 residents.  

The primary flood control facility for the City of Farmersville is Deep Creek, a local creek 

that is tributary to the Kaweah River.  The major flood protection facility on the Kaweah 

River is Terminus Dam which is approximately 17 miles from the City of Farmersville.   

The past history of flooding in the City of Farmersville suggests that the flood season 

extends from November through June, with general rain floods occurring between 

November and April and snowmelt floods occurring from April to June.  The majority of 

large floods have occurred during December, January and February, and have been the 

result of heavy rains combined with snowmelt from the foothills and the Sierra Nevada 

Mountains.20 

The City of Farmersville has experienced some very significant flooding events in the 

last 50 years that have been recorded and analyzed by the Federal Emergency 

Management Agency (FEMA) and the Army Corps of Engineers.  A Flood Insurance 

Study on the City of Farmersville from June 1983 stated that major flooding events had 

occurred in Farmersville in November 1950, December 1955, December 1966 and 

January 1969 and that major flooding in Farmersville has been by breakouts of Deep 

Creek. 

In FEMA’s 1983 report, the 100-year peak discharge for the Deep Creek channel 

downstream of Avenue 288 was estimated to be 2,850 CFS.  Downstream channel 

overflows reduce the channel discharge to 1,550 CFS where it crosses the Southern 

Pacific Railroad.  The remaining 1,300 CFS was assumed to flow in the west overbank 

toward Farmersville.  Additional overflows were assumed to occur between East Ash 

Street and Farmersville Boulevard, such that the 100-year discharge remaining in the 

channel at Farmersville Boulevard was only 410 CFS.  This equates to approximately 

2,440 CFS that is not contained by the Deep Creek channel and is causing significant 

damage within the community of Farmersville during a 100-year event. 

                                            

 
20

 Flood Insurance Study, City of Farmersville, California, Tulare County, Federal Emergency 
Management Agency, June 15, 1983, Community Number 060405. 
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16.3.2 Community Information 

The City of Farmersville covers approximately 1.88 square-miles or 1,203 acres in 

central Tulare County.  The current population is 10,078 residents which is up 15.3% 

since 2000 and up 35.6% since 1990.  The community is predominantly Hispanic and 

work in the local agricultural economy.  The estimated median household income in 

2009 was $32,581, which is up from $27,682 in 2000.  This estimated average median 

household income qualifies Farmersville as a disadvantaged community.  The 

estimated median house or condo value in 2009 was $141,047, which is significantly 

lower than the California average of $384,200.  In 2009 approximately 30.7% of the 

residents in Farmersville had an income below the poverty level, and 13.0% of residents 

also had an income 50% below the poverty level. 

Deep Creek travels through roughly a third of the city, and it functions as the City’s 

primary method of evacuating storm water (meaning that most of the City’s storm water 

systems discharge to Deep Creek). 

16.3.3 Flood Event Estimates 

There is very limited information on the historic flood events that have occurred in 

Farmersville and there are fewer records on the estimated flows during those events.  

However, in the 1983 FEMA Flood Insurance Study on Farmersville a peak 100-year 

flood flow was estimated for the portion of Deep Creek just upstream of Farmersville.  

However the rest of the available information is focused on the Kaweah and St. Johns 

Rivers, Terminus Dam, and the minor watersheds that connect with the Lower Kaweah 

River downstream of Terminus Dam.  For that reason it was decided to approximate or 

estimate Deep Creek flooding events from events based on the Kaweah River.   

Kaweah River peak flood flows for a 10 year, 50 year and 100 year storm were 

available downstream of McKays Point through the most recent FEMA analysis of flood 

events in Tulare County (2009).  McKays Point is a location on the Kaweah River that is 

downstream of Terminus, but it is upstream of where Deep Creek splits off of Cameron 

Creek.  The available peak flood flows were graphed versus their reoccurrence interval 

and the equation of the best fit line was calculated.  Then the peak 100 year storm flow 

in Deep Creek near the project site was compared to the peak 100 year storm flow 

downstream of McKays point and the Deep Creek flow was found to be 34% of the 

McKays Point flow.  This reducing percentage was initially applied to the 10 year and 50 

year flows at McKays Point to see if a straight percentage reduction would appear 

reasonable.  However, it did not as the very regular events (1-year, 5-year, 10-year) 

appeared to be larger than the estimated channel capacity through Farmersville and 



KAWEAH RIVER BASIN IRWM GROUP   

2011 IMPLEMENTATION GRANT PROPOSAL Kaweah Delta WCD 

  Page 218  

V:\Clients\Kaweah Delta WCD - 1225\122510V1-IRWM Imp Grant App\_DOCUMENTS\Reports\2011 Kaweah IRWM Imp Grant Application.docx 

from local experience flooding is not an every year occurrence.  Therefore a lower 

percentage of 20% of the flows at McKays Point was used to estimate the 10-year peak 

flow because this percentage appeared to reduce the peak flow enough so that the 

estimate did not overestimate the occurrence of flooding in the City.  In turn the 50-year 

peak flood flow water estimate to be 27% of the flows at McKays point as this 

percentage was half of the difference between the other two used.  The available peak 

flood flows were graphed versus their reoccurrence interval and the equation of the best 

fit line was calculated.  The equation was used to calculate peak flood flows for other 

events between the 10-year, 50-year and 100-year events. 

 

Next a unit hydrograph for the Kaweah River was researched and found to have been 

produced by the Army Corps of Engineers in a report that considered the raising of 

Terminus Dam that was accomplished in the early 2000s.  This unit hydrograph for the 

Kaweah River was used to create a shape for the flows that occurred during 24-hour 

storms and it was assumed that this shape would also be applicable to flood events on 

Deep Creek, which is tributary to Kaweah River.  The estimated peak flood flows were 

then used to inflate or reduce the Kaweah River unit hydrograph to generate 24-hour 

storm hydrographs for Deep Creek for a variety of reoccurrence interval storms. 

The estimated channel capacities in the area of the project and the City of Farmersville 

were used from the 1983 FEMA Report to analyze what reoccurrence interval storms 

would cause flows in excess of the channel capacities and thereby flooding in 

Farmersville.  The estimated hydrographs were used to estimate the volume of 

stormwater that would be delivered by each storm reoccurrence interval.  From the 

analysis that the existing channel can safely convey the flows associated with up to a 

15-year event, but reoccurrence intervals greater than that will cause varying levels of 

flooding in Farmersville. 
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Table 16-1:  Estimated Deep Creek Storm Hydrographs 

 

(H
o

u
r)

Kaweah 

River Unit 

Hydrograph

100-Year, 

24-hour 

Storm

75-Year, 

24-hour 

Storm

50-Year, 

24-hour 

Storm

25-Year, 

24-hour 

Storm

20-Year, 

24-hour 

Storm

15-Year, 

24-hour 

Storm

10-Year, 

24-hour 

Storm

5-Year, 

24-hour 

Storm

1-Year, 

24-hour 

Storm

(CFS) (CFS) (CFS) (CFS) (CFS) (CFS) (CFS) (CFS) (CFS) (CFS)

0 0 0 0 0 0 0 0 0 0 0

1 506 277 182 109 60 53 46 41 36 33

2 1,688 925 607 365 199 175 154 136 121 109

3 3,212 1,760 1,155 695 379 333 293 259 231 208

4 4,594 2,517 1,652 994 542 477 420 371 330 298

5 5,201 2,850 1,870 1,125 614 540 475 420 374 337

6 4,726 2,590 1,699 1,022 558 491 432 382 340 306

7 3,714 2,035 1,335 803 438 386 339 300 267 241

8 2,876 1,576 1,034 622 340 299 263 232 207 186

9 2,206 1,209 793 477 260 229 201 178 159 143

10 1,686 924 606 365 199 175 154 136 121 109

11 1,293 709 465 280 153 134 118 104 93 84

12 1,001 549 360 217 118 104 91 81 72 65

13 787 431 283 170 93 82 72 64 57 51

14 628 344 226 136 74 65 57 51 45 41

15 509 279 183 110 60 53 46 41 37 33

16 382 209 137 83 45 40 35 31 27 25

17 289 158 104 63 34 30 26 23 21 19

18 220 121 79 48 26 23 20 18 16 14

19 170 93 61 37 20 18 16 14 12 11

20 134 73 48 29 16 14 12 11 10 9

21 109 60 39 24 13 11 10 9 8 7

22 90 49 32 19 11 9 8 7 6 6

23 71 39 26 15 8 7 6 6 5 5

24 50 27 18 11 6 5 5 4 4 3

54.80% 35.95% 21.63% 11.81% 10.38% 9.13% 8.08% 7.19% 6.48%

Percentage of 

Unit Hydrograph 

peak to other 

peak storm

Deep Creek Estimated Storm Hydrographs
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16.3.4 Envisioned Project Operations 

The Paregien Basin project is an in-line basin that will hold back waters in Deep Creek 

upstream of the City of Farmersville.  A new concrete structure in Deep Creek is 

envisioned to be outfitted with a large radial gate to regulate flows through the channel.  

Earthen levees will transition away from the catwalk deck of the concrete control 

structure and will retain ponded water levels over a native depressed area that is owned 

by Kaweah Delta WCD.  During flood times, the facility is envisioned to allow flows that 

can be contained within the Deep Creek channel to pass through the facility without any 

retention.  However, when flows in excess of the channel capacity downstream of the 

facility are measured, then the radial gate would be used to begin to restrict flow 

through the structure so that the water surface on the upstream side was raised.  Then 

when flows through the facility began to decrease, because the peak of the storm had 

passed, the water retained behind the structure would be reregulated back to 

downstream surface water users for irrigation supplies or recharge the water in the in-

line basin. 

16.3.5 Flood Damage Reduction Benefits 

The 24-hour hydrographs for varying reoccurrence interval flood event were first 

compared to the existing published channel capacities through the City of Farmersville.  

A conservative look at this comparison showed that without the Paregien Basin Project, 
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flood events greater than a 15-year event would cause overflow of Deep Creek through 

the City of Farmersville and flood damage for a number of hours before the flows in the 

creek receded enough to begin relieving the flood water that escaped out of the banks. 

The 24-hour hydrographs for varying reoccurrence interval flood event were used to 

estimate the volume of water that was produced every hour by each storm.  During the 

periods when the Deep Creek channel capacity was insufficient to carry the flood water 

from the storm, the volume of water above channel capacity was calculated and hourly 

accounted as a volume of flood water in acre-feet.  For each storm these amounts were 

summed together to provide an understanding of the magnitude of floodwater per 

reoccurrence interval flood event. 

As can be seen from the table below, the flooding from 15, 20 and 25 year storms was 

relatively small in volume, with a range of 5 to 38 acre-feet in floodwater.  Since the 

Paregien Basin Project has an estimated basin capacity of 61 acre-feet it was 

concluded that the project would relieve the entire amount of floodwater previously 

suffered within the City of Farmersville.  However, the flooding from 50, 75 and 100 year 

storms was relatively large in volume, with a range of 229 to 1,074 acre-feet in 

floodwater.  The project’s available diversion volume was insufficient to fully protect the 

City of Farmersville from flooding impacts during these storms, but was sufficient to 

significantly reduce the volume of flooding. 

The damage associated with each flooding event is based on a series of assumptions 

that are based in local knowledge of flooding events in the Tulare County area.  These 

assumptions have been made because at this point in the development of the project, 

no such previous effort has ever attempted to quantify flood control benefits in terms of 

avoided financial damage.  As far as could be determined by the City of Farmersville, 

this had never been done by the City for flood events on Deep Creek in any of their 

stormwater masterplans or other planning documents.   

In order to be conservative in the estimates of financial impacts from flood damage, it 

was assumed that only damage associated with residential housing would be quantified.  

This damage was envisioned to be mostly non-structural and associated with the 

replacement of drywall, carpet, furniture and the typical appurtenances associated with 

families living in a rural residential area.  Smaller volumes of flood water (15, 20 and 25 

year storms) were assumed to produce an average flooding depth of 6-inches because 

of the relatively small time duration of these events and the terrain within Farmersville.  

In a general sense, lands on both sides of Deep Creek slope very slightly towards the 

creek, but individual subdivisions are usually fairly uniform in terms of the elevation of 
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homes.  The flooding volume and the average depth of 6-inches were then used to 

estimate the impacted area. 

An average area per home within the City of Farmersville was also estimated.  The City 

covers approximately 1.88 square-miles or 1,203 acres.  There are 10,078 residents 

currently listed as living in the City and an average of 4.0 residents per home was listed 

in 2009 City statistics.  Dividing the number of residents in the City by the average 

residents per home indicates that there are 2,520 homes in the City and that those 

homes could each represent an area of 0.48 acres.  This is a very conservative 

approach to analyzing the number of homes impacted by flood damage because the 

actual density of homes in the area is much greater (ignoring the area for streets, parks, 

and open spaces within the City) and no commercial or industrial uses are being 

included in the analysis. 

Larger volumes of flood water (50, 75 and 100 year storms) were assumed to produce 

average flooding depths of 9-inches, 18-inches and 21-inches because of the longer 

time duration of these events and the much larger volumes of floodwater that in excess 

of the Deep Creek channel capacity within Farmersville.  These assumptions were 

checked against historic descriptions of flooding within the City and they appear to be 

reasonable.  For instance, the 100-year flood event is estimated to impact 613 acres 

within Farmersville from Deep Creek flooding and this is consistent with the description 

of the flood event that occurred in December 1966 from Tulare County records. 

Finally, the avoided flood damage that the project would have on each flooding event 

was estimated by reducing the volume of flood water from Deep Creek by the project’s 

storable capacity.  If the project had sufficient storable capacity to divert all of the flood 

water, then the total pre-project flood damage was counted as avoided flood damage 

benefit.   
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Table 16-2:  Estimated Flood Damage without Paregien Basin Project 

 

Table 16-3:  Estimated Flood Damage with Paregien Basin Project 

 

For the flood events where the project’s storable capacity was not enough to divert the 

total volume of flood water, the diverted water was removed from the flood water for the 

event.  Then for the new flood water volume a new average depth of flooding was 

Capacity of Paregien Project = 150 AF

S
to

rm
Est. 

Flood 

Water

Est. 

Depth of 

Flooding

Est. Area 

of 

Flooding

Est. 

Number 

of homes 

damaged 
1

Est. Total 

Flood 

Damage 
1

(year) (AF) (ft) (Acres)

1 0.0 -- -- -- --

5 0.0 -- -- -- --

10 0.0 -- -- -- --

15 5.0 0.50 10.00 20.8 $5,000 $104,000

20 19.6 0.50 39.20 81.7 $5,000 $408,500

25 37.8 0.50 75.60 157.5 $5,000 $787,500

50 229.2 0.75 305.60 636.7 $10,000 $6,367,000

75 576.9 1.50 384.60 801.3 $20,000 $16,026,000

100 1073.7 1.75 613.54 1278.2 $22,000 $28,120,400

Est. 

Flood 

damage 

to 

avgerage 

home 
1

S
to

rm

Post-

Project 

Est. 

Flood 

Water

Post-

Project 

Est. 

Depth of 

Flooding

Post-

Project 

Est. Area 

of 

Flooding

Post-

Project 

Est. 

Number 

of homes 

damaged 
1

Post-

Project Est. 

Total Flood 

Damage 
1

(year) (AF) (ft) (Acres)

1 0.0 -- -- -- -- --

5 0.0 -- -- -- -- --

10 0.0 -- -- -- -- --

15 0.0 -- -- -- -- --

20 0.0 -- -- -- -- --

25 0.0 -- -- -- -- --

50 79.2 0.55 144.00 300.0 $6,000 $1,800,000

75 426.9 1.25 341.50 711.5 $18,000 $12,807,000

100 923.7 1.75 527.80 1099.6 $22,000 $24,191,200

Post-

Project 

Est. 

Flood 

damage 

to 

avgerage 

home 
1
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generated and an average damage estimated for the associated depth of flooding.  With 

the new depth of flooding an area was calculated from the flooded volume, and this 

area was then translated to a number of homes damaged using the previously used 

area per home.  The number of homes damaged was then multiplied by the average 

damage per home that was associated with the average depth of flooding.  The benefits 

from the project then became the difference between the financial flood damage without 

the project and with the project. 

Table 16-4:  Paregien Basin Project Flood Benefit Table (Table 18) 

 

Table 16-5:  Paregien Basin Project Annual Flood Damage Benefits (Table 19) 

Table 19 - Present Value of Expected Annual Damage Benefits  

Project: Paregien Basin Project 

(a) 
Expected Annual Damage Without Project 
(1) 

  $371,203  

(b) Expected Annual Damage With Project (1)   $177,361  

(c) Expected Annual Damage Benefit  (a) – (b) $193,842  

(d) Present Value Coefficient (2)   15.76 

(e) 

Present Value of Future Benefits  (c) x (d) $3,055,318  

Transfer to Table 20, column (e), 
Exhibit F: Proposal Costs and Benefits 
Summaries. 

  

 

Hydrologic Event

Event Benefit

With With (Million $)

Project Project

(a) (b) (c) (d) (e) (f) (g) (h)

(c) x (d) (c) x (e) (f) – (g)

10-Year 0.100 $0 0.50 0.000000 $0 $0.00 $0 

15-Year 0.067 $104,000 0.75 0.000000 $78,000 $0.00 $78,000 

20-Year 0.050 $408,500 1.00 0.000000 $408,500 $0.00 $408,500 

25-Year 0.040 $787,500 1.00 0.000000 $787,500 $0.00 $787,500 

50-Year 0.020 $6,367,000 1.00 0.282708 $6,367,000 $1,800,000 $4,567,000 

75-Year 0.013 $16,026,000 1.00 0.799139 $16,026,000 $12,807,000 $3,219,000 

100-Year 0.010 $28,120,400 1.00 0.860272 $28,120,400 $24,191,200 $3,929,200 

Table 18 - Deep Creek Flood Event Damage in the City of Farmersville

Event 

Probability

Damage if 

Flood 

Structures 

Fail

Probability Structural 

Failure

Event Damage

Without 

Project

Without 

Project

Project: Paregien Basin Project
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16.4 Oakes Basin Habitat Enhancement Project 

This project is not expected to generate any flood damage reduction benefits. 

16.5 GW Quality Protection and Investigation 

This project is not expected to generate any flood damage reduction benefits. 
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City of Farmersville – Storm Drainage Master Plan 
  
























































































































